The cholesteryl esters which make up the bulk of the core of the human low-density lipoprotein particle were removed by extraction into heptane and replaced with the fluorescent anthroyl or N-(7-nitrobenzyl-2-oxa-1,3-diazol-4-yl)aminohexanoyl esters of dolichol. The reconstituted low-density lipoproteins were efficiently internalized by normocholesterolaemic human fibroblasts but not by fibroblasts from patients lacking the lowdensity-lipoprotein receptor, or lacking the ability to internalize the receptor-lipoprotein complex. In normal fibroblasts, the reconstituted low-density lipoproteins were delivered to lyso-
INTRODUCTION
Dolichols are linear polyisoprenoid alcohols which in humans may contain 120 or more carbon atoms. A portion of the dolichol pool is present in the form of phosphate and fatty acid esters. The phosphorylated forms are obligatory intermediates in protein N-glycosylation in the rough endoplasmic reticulum.
Most of the dolichol in cells, however, is present in lysosomes where it has no recognized function [1] . The ubiquitous presence of dolichol in all eukaryotic cellular and intracellular membranes suggests that additional function(s) are likely to be found.
In certain conditions, the dolichol content of tissues (lysosomes) increases dramatically without apparent biochemical/ physiological explanation [2] [3] [4] [5] . These include the process of normal aging [2] , as well as the defined (aspartylglucosaminuria [3] ) and probable (neuronal ceroid lipofuscinosis [4] [5] [6] ) lysosomal storage diseases.
We have here attempted to obtain information on the mechanisms involved in dolichol uptake from the circulation and its delivery to, and accumulation in, lysosomes and the effect that accumulation has on normal lysosomal functions. In this paper we provide evidence that low-density lipoprotein (LDL), the major cholesterol transporter in humans, can also transport dolichol derivatives to the lysosome.
EXPERIMENTAL Chemicals and reagents
Dolichol (C8,105) from pig liver, N-(7-nitrobenzyl-2-oxa-1,3-diazol-4-yl)aminohexanoic acid (NBD-hexanoic acid), n-heptane and purified potato starch were from Sigma, St. Louis, MO, U.S.A. Anthracene-9-carboxylate and triphenylphosphine were from Aldrich, Milwaukee, WI, USA, and diethyl azodicarboxylate was from Fluka, Ronkonkoma, NY, U.S.A. The 
Synthesis of fluorescent derivatives of dolichol
The synthesis of anthroyl dolichol using the chemistry of the Mitsunobu reaction [7, 8] has been described [9] . More recently we have demonstrated the synthesis of NBD-(hexanoyl) dolichol using the same basic methodology [10] . Purification was by t.l.c. on plates of silica gel H (solvent hexane/diethyl ether/acetic acid, 65:35:1, by vol.) and/or h.p.l.c. on C18 using methanol/ propan-2-ol gradient systems [9] .
The purity of the synthetic esters was determined on the basis of the following. (i) A [12, 13] .
Preparation of LL containing anthroyl dolichol and NBD dolichol
The basic procedures described by Gustafson [14] and Krieger et al. [15] for removing endogenous cholesteryl esters from the LDL core and replacing them with cholesteryl esters of specific composition were followed.
Dialysed LDL equivalent to 1.9 mg of protein was transferred to the bottom of a 15 ml Corex centrifuge tube containing 25 mg of purified potato starch and gently vortexed to give a uniform suspension. The mixture was frozen (as a suspension) on the sides of the lower one-third of the tube by rotating the tube quickly over a small quantity of crushed solid CO2. Samples were then lyophilized overnight and stored until use at 4°C under vacuum in a desiccator containing P205.
Neutral lipids were removed from the LDL-starch complex using a series of four heptane extractions (5 ml each at -10 to -20 C) each followed by a centrifugation (480 g, O min, 4°C). After the removal of the last heptane supernatant, 5 mg of anthroyl dolichol in 300 ,tl of heptane was added per tube (i.e. 1.9 mg of protein). The mixture was carefully vortexed (to keep the suspension in the lower 2 cm of the tube) and incubated at -10°C to -20°C for 1.5 h. The samples were then placed on ice and freed of solvent by evaporation under nitrogen until only a dry powder remained.
The reconstituted anthroyl dolichol-containing LDL (r[AD]LDL) was hydrated by addition of 2 ml of 10 mM Tricine, pH 8.0, to each tube followed by incubation at 4°C for 42 [9] showed that the fluorescent ester linkage is not hydrolysed by esterases present in fibroblasts or in the culture media.
RESULTS

Characterization of native LOL (nLDL)
The recovery of the major LDL band (band III, ref. [11] ) was about 0.4 mg ofprotein/ml ofplasma, and the ratio ofcholesterol (after saponification) to protein in nLDL was 1.4 . No cholesterol could be detected in the lipoprotein-deficient plasma when portions equivalent to 1 mg of protein were assayed. Figure 2 Fluorescence spectra of (a) , fibroblasts were grown in slant tubes in 1 ml of medium. Once labelling was completed, fibroblasts were washed twice with 2.5 ml of Hams F-10 medium containing 10% fetal calf serum, and (3 x 2.5 ml) with PBS. The cells were then solubilized in 1.0 ml of 0.1 M NaOH, and fluorescence measurements were made.
millimetres of which showed a minor fluorescent band presumed to be free anthroyl dolichol. Figures 1 and 2 respectively. In each (Figure 3a) . Uptake was also directly proportional to LDL (protein) concentrations between 4 and 50 ,ug/ml and above (Figure 3b Co-localization of anthroyl dolichol with fluorescein isothiocyanate-dextran 40S (a recognized lysosome marker) has previously been demonstrated [9] , as has co-localization of anthroyl dolichol and ,-N-acetylhexosaminidase activity in Percoll gradients of post-mitochondrial supernatants of labelled fibroblasts J. W. Rip Mammalian plasma contains 150-300 ng/ml dolichol most of which is in the high-density lipoprotein fraction [17, 18] . However, to be an efficient carrier (of dolichol), there is no requirement that LDL ever accumulates significant amounts of dolichol as part of its structure.
In addition, dolichol and its derivatives are extremely hydrophobic and insoluble in aqueous media. This property makes it difficult to deliver these probes efficiently to cells and lysosomes. The LDL particle including those reconstituted with fluorescent dolichyl esters are water-soluble. This provides us with the means of targeting large quantities of fluorescent dolichol probe directly to the lysosome. The dolichol loaded lysosomes can be used to study the effect of increased dolichol content on lysosomal functions including transport, membrane fusion and enzyme catalysis.
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